Objective: We examined associations between snack frequency, sociodemographic characteristics, BMI, dietary and eating behaviour. In order to identify whether various subgroups of high-frequency snack consumers exist, we investigated underlying food patterns and lifestyle factors. Design: The data were based on the Swiss Food Panel Questionnaire of 2010, which included an FFQ, questions relating to sociodemographics and lifestyle factors. Data were examined using ANOVA, regression analysis and hierarchical cluster analysis. Gender differences were also investigated in the analysis of the data. Setting: A sample of 6189 adults participating in the Swiss Food Panel filled in a questionnaire (response rate 30 %). Subjects: The sample consisted of both men and women, with a mean age of 54?4 (SD 13?5) years. Results: There was no association between snack frequency and BMI. Consumption frequency of sweets and savouries as well as fruit intake increased with increasing snack frequency. Additionally, three different subgroups of high-frequency snack consumers could be revealed: healthy, moderate and unhealthy dietary-pattern groups. The latter included respondents who were less health-conscious and was characterized by high alcohol consumption frequency, daily breakfast skipping and watching television during the main meal. Conclusions: High snack frequency occurred in the context of healthy as well as unhealthy dietary behaviour and lifestyle patterns. Women made healthier dietary food choices and were more likely to consume fruits as snacks, while men chose unhealthy foods, such as sweets and savouries, more often.
Eating frequency is affected by cultural/social norms, lifestyle factors, the environment and an individual's personal attitudes towards his/her health (1, 2) . Changes in lifestyle and the environment over the last few decades have probably been the most important causes of the overweight epidemic in Western society (3) . The increasing proportion of snacking in the Western diet has been a particular cause for concern, since the foods and drinks typically consumed as snacks tend to be energy-dense (4) . In the scientific literature, no consensus exists about whether a higher frequency of eating, and particularly snacking, promotes or prevents weight gain (5, 6) . In spite of an unclear association with body weight, snacking per se does not have a negative effect on diet quality. Snacking can increase the opportunity for healthy, low-energy food choices, resulting in a wider variety of foods in the diet and a balanced intake of nutrients contributing significantly to daily micro-and macronutrient intakes (7) (8) (9) . An important issue related to snack frequency is whether energy intake from snacks between meals will be compensated for by a lower energy intake from the main meals, because a higher number of eating occasions seems not to be associated with an improvement in appetite control and provides more opportunities to consume excess energy (10) . Nevertheless, meal skipping, especially breakfast skipping, is associated with overeating later in the day, due to intense hunger followed by ingestion of high-fat, sugar-dense snacks (11) . Overweight and obesity status was found to be associated with higher intakes of fat, refined grains, red meat, added sugars and sugar-sweetened beverages (9) . These foods are common in an obesogenic environment (12) , which may increase the likelihood for choosing unhealthy snacks, make restrained eating more difficult and result in an increased energy intake over the course of the day. A comparison between snacking patterns in obese adults and a reference population showed that with increasing snack occasions, energy intake from candies, chocolate, cakes, cookies and desserts increased more steeply in the obese population compared with the control population (13) . However, high snack frequency is not in itself a reason for energy increase and weight gain. The inconsistent associations between snack frequency and body weight reported in the literature could indicate that an individual's overall nutrition pattern plays a more important role than snack frequency itself. Certain energy-dense foods with trends for increased consumption (e.g. beef, pork and pizza) were shown to be important components of meals, rather than snacks (14) . Dietary behaviour should also be considered when assessing snacking (6) , because a food that is consumed as a snack and a food that is consumed as a meal could both have a considerable influence on the quality of the diet, energy intake and weight gain.
The meal environment may be another influencing factor on dietary and eating behaviour. For example, family meals were associated with higher fruit and vegetable consumption (15) , whereas families with a higher frequency of television (TV) watching during meals reported higher proportions of energy intake from snack foods, sodas and meat (16) . In general, watching TV during dinner is considered to be a less healthy eating behaviour, and it is likely to correspond with diets high in fat and low in fruit and vegetables (15, 16) . Lifestyle and socio-economic factors are likely related to different food choices as well. In the study by Holmback et al., a low daily eating frequency (referring to all eating occasions, including snacks) occurred in the context of an unhealthy lifestyle, which was defined by higher intakes of alcohol and highfat foods and low levels of leisure-time physical activity (7) . Gender differences in behaviours relating to food choices have also been observed. For example, on the whole men eat less fresh fruit and vegetables and consume more meat than do women (17, 18) . The current literature does not contain any universally accepted definition of snacking, but two main approaches have been used to define the term 'snack' (6) . The first approach focuses on the food consumed; foods are identified as snacks by their nutrient content or because they are commonly associated with snacking (6, 19) . The second approach focuses on the time of food consumption (6) . Everything consumed between the main meals is defined as a snack. In our study, we asked for the usual frequency of food consumption between the three main meals (breakfast, lunch, dinner) and calculated 'snack frequency' per week.
The aim of the present study was to examine the associations between snack frequency, sociodemographic characteristics, BMI, dietary and eating behaviours. In order to identify whether different subgroups of high-frequency snack consumers exist, we investigated underlying food patterns and lifestyle factors. It was hypothesised that 'high snack consumers' could be separated into two groups: a group with mainly unhealthy food choices and snack consumption preferences for sweets and savouries, and a group with more healthy food choices and snack consumption preferences for items such as fruits.
Methods

Procedure and sample
The present study examined data from the Swiss Food Panel, a study into the eating behaviour of the Swiss population. In 2010, a mail survey was sent out to 20 912 randomly selected household addresses from the telephone book in the German-speaking and Frenchspeaking part of Switzerland. After 5 weeks, we sent one reminder, with another copy of the questionnaire, to persons who had not yet responded. We received 6290 filled-in questionnaires (a response rate of 30?1 %). Respondents missing either values on the Identification Code or both key variables of age and gender (n 101) were deleted from the sample. Data from 6189 (29?6 %) respondents consisting of 47?6 % males remained available for the analysis. The respondents' mean age was 54?4 years (SD 15?3; range 20-99 years). Compared with the general Swiss population (20) , fewer males participated in the study (census 5 49?2 %), more respondents had a higher secondary or college/university degree and the percentage of young adults (20-39 years old) was lower (18?1 % v. 26?7 %).
Swiss Food Panel Questionnaire
One part of the Swiss Food Panel Questionnaire was an FFQ, which was specially designed for the Swiss Food Panel. The FFQ was used to estimate habitual consumption frequency of various food products and snack frequency per week.
In a separate study, FFQ scales were examined on 2-week test-retest reliability. Data were analysed for 247 people who had responded to both questionnaires; the test-retest correlation between snack frequency scales was r 5 0?8, while the scales varied between r 5 0?7 and r 5 0?9 for food groups.
For investigating 'snack frequency per week', respondents were asked how often they usually eat a snack in the morning, an afternoon snack, an evening snack and additional snacks (e.g. a nibbling pattern, eating smaller sweets and savoury snack foods). Respondents answered on a five-point answering scale. For calculating the average weekly snack frequency during the previous year, the answering scale was recoded (daily 5 360 d/year, 4-6 times/week 5 260, 1-3 times/week 5 104, 1-3 times/month 5 26, less or never 5 0). The items were summed and divided by 52. The calculated scores ranged from 0 to a maximum of 28?1. Table 1 shows food items used in the FFQ, which were grouped into the categories 'convenience food', 'sweets and savouries', 'sugar-sweetened beverages' and 'meat'. These food groups were chosen to represent food choices, either because they had been established by dietary guidelines or because their high frequency of consumption had been shown to have unfavourable health effects (21) (22) (23) . The questionnaire did not collect information on portion size or number of portions, except for fruit and vegetable consumption.
Dietary behaviour assessment
Items relating to sweets and savouries, sugar-sweetened beverages and meat consumption frequency were assessed on a six-point answering scale. For statistical calculation, 'several times per day' was assumed to be 2 times/d (coded as 14 times/week), 'daily' was assumed to be 1 time/d (coded as 7 times/week), 'several times per week' was assumed to be 3 times/week (coded as 3 times/week), 'several times per month' was assumed to be 3 times/month (coded as 0?75 times/week), 'several times per year' and 'less or never' were considered as negligible (coded as 0). Items falling into each food group were summed to reflect consumption frequency of these foods per week.
Convenience food consumption was assessed on a fivepoint answering scale: 'daily' (coded as 7 times/week), 'several times per week' (coded as 3 times/week), 'several times per month' (coded as 0?75 times/week), 'several times per year' (coded as 0) and 'less or never' (coded as 0). To reflect weekly consumption frequency the items were summed.
Fruit and vegetable consumption was assessed on a fivepoint answering scale: 'daily' (coded as 7 times/week), '4-6 times/week' (coded as 5 times/week), '1-3 times/week' (coded as 2 times/week), '1-3 times/month' (coded as 0?5 times/week) and 'less or never' (coded as 0). Additionally respondents were asked how many portions of vegetables (one portion 5 a handful, or 50 g) and fruit (one piece or one handful) they usually eat. The items relating to portion number and consumption frequency were combined to reflect 'servings' of vegetables and 'pieces' of fruit consumed per week.
Additionally, the internal reliability of items from the convenience foods scale, meat scale and the sweets and savouries scale were explored using Cronbach's a (Table 1) .
Eating behaviour assessment 'Meal frequency' was assessed by asking respondents how often they usually eat breakfast, lunch and dinner. The answering scale was as follows: 'daily', '4-6 times/ week', '1-3 times/week', '1-3 times/month' and 'less or never'. Two-week test-retest reliability was r 5 0?88 for breakfast, r 5 0?73 for lunch and r 5 0?68 for dinner. Two additional items assessed the frequency of 'family meals' and 'watching television during the main meal' on a five-point answering scale ('daily', '4-6 times/week', '1-3 times/week', '1-3 times/month', 'less or never').
Because the items meal frequency, family meals and watching TV during the main meal were highly skewed, they were categorised into binary variables indicating daily breakfast (yes/no), daily lunch (yes/no), daily dinner (yes/no), having family meals 4-7 times/week (yes/no) and watching TV during the main meal 4-7 times/week (yes/no).
Sociodemographic and lifestyle variables
Age, gender, having children (#16 years old), weight and height were all assessed in the Swiss Food Panel Variables were measured using the following response categories in the FFQ: -six response category ('several times per day', 'once a day', 'several times per week', 'several times per month', 'several times per year', 'less or never'); --five response category ('daily', 'several times per week', 'several times per month', 'several times per year', 'less or never'); yfive response category ('daily', '4-6 times/week', '1-3 times/week', '1-3 times/month', 'less or never'). JThese items were measured with portion number and frequency of consumption.
Questionnaire. Educational level was categorised in three groups: (i) low (primary and secondary school), (ii) medium (vocational school) and (iii) high (college and university). BMI (kg/m 2 ) was calculated from the self-reported body weight (kg) divided by square of the self-reported height (m 'Wine and beer consumption frequency per week' was also assessed. Respondents stated on a six-point answering scale how often they usually drink wine and beer: 'several times per day', 'once a day', 'several times per week', 'several times per month', 'several times per year' or 'less or never'.
'Average daily physical activity' was calculated from two items in the questionnaire. A short introduction encouraged the respondents to take into account only physical activity above a minimum of 10 min. The questions then asked were: 'During the last seven days, on how many days did you do physical activities like heavy lifting, digging, sports, cycling or walking?' and 'How much time did you usually spend on one of those days doing physical activities?'. The second item had to be answered by filling in the minutes per day. Respondents with missing values in one of the two items and with values less than 10 min or more than 960 min were coded as missing (13?9 % missing values). Additionally, physical activity was grouped into two categories: physical activity $30 min/d (n 3588) and less physical activity (n 1738).
'Health consciousness' (a 5 0?79) related to eating was assessed with following statements using a six-point answering scale ranging from 1 5 'do not agree at all' to 6 5 'totally agree': 'I think it is important to eat healthily', 'My health is dependent on how and what I eat', 'If one eats healthily, one gets ill less frequently' and 'I am prepared to leave a lot, to eat as healthily as possible' (24) .
Data analysis
Data were analysed to examine which eating behaviours, dietary behaviours, sociodemographic and lifestyle factors were of importance for high snack frequency. All analyses were performed using the statistical software package IBM SPSS Statistics 19?0. First, one-way ANOVA and x 2 tests were used to evaluate gender differences in eating behaviours, dietary behaviours, and lifestyle and sociodemographic variables. Additionally, the study population was categorised into tertiles based on weekly snack frequency (high, moderate, low). The highest tertile included all respondents who indicated having a snack frequency between 7?5 and 20?1 times/week, the moderate tertile included all respondents who indicated having a snack frequency between 2?5 and 7?0 times/week, and the lowest tertile included all respondents who indicated having a snack frequency between 0 and 2?0 times/week. One-way ANOVA and x 2 tests were used for examining differences in mean scores for all variables between tertiles. ANOVA and x 2 tests were done for males and females separately. Significant F tests were followed up by the examination of contrasts using the Tukey Honestly Significant Difference test.
Second, linear regression analysis was used to identify associations between snack frequency as the dependent variable and the other characteristics. No cases of multicollinearity were detected by bivariate correlations.
Third, cluster analysis was used to identify relatively homogeneous profiles of dietary behaviours, using only the respondents from the highest snack-frequency tertile (n 1890). Clustering variables were the six dietary behaviours: consumption frequency of vegetables, fruit, convenience foods, sweets and savouries, sugar-sweetened beverages and meat. Hierarchical, agglomerative cluster analysis was performed with the squared Euclidean distance as the distance measure in the clustering procedure. Therefore, the procedure was accomplished using standardized scores (Z-scores), employing Ward's method. Cluster solutions of two to eight segments were generated initially. The final cluster solution was chosen by examining the agglomeration schedule. The three-cluster solution was found to be adequate and meaningful regarding the different patterns found, and therefore it is reported in the results section (Table 5 ). Comparisons of the three clusters based on eating behaviour, sociodemographic and lifestyle factors are displayed separately for male and female respondents (Table 6 ). Table 2 shows snack frequency, eating behaviours, dietary behaviours, and sociodemographic and lifestyle variables by gender. Mean snack frequency per week was higher for females (6?6 times/week) than for males (5?2 times/week). Females indicated having higher vegetable and fruit consumption, while males reported higher mean intakes of meat, sugar-sweetened beverages and convenience food. Males were also less likely to have a daily breakfast and lunch, were less health-conscious, had higher BMI, were more physically active, had a higher mean consumption of wine and beer, were older, had a higher educational level and were less likely to have children. No significant gender difference was found for having dinner on a daily basis, or for consumption of sweets and savouries. Table 3 presents the investigated variables by tertiles of snack frequency per week, showing males and females separately. The dietary behaviours in the highest snackfrequency tertile were different from those in the lowest group with respect to higher frequency consumption of all food groups, with the exception of vegetable consumption in females. Male respondents with a low snack frequency were more likely to be older, eat main meals on a more regular basis and to indicate having family meals more often than male respondents with highfrequency snack consumption. Female respondents with high-frequency snack consumption were more likely to skip breakfast and to report lower health consciousness compared with female respondents in the lowest snackfrequency group. Table 4 illustrates the results of the regression analysis with snack frequency as the dependent variable (n 4871). Seven variables showed a significant effect (P # 0?01), and the model accounted for 23 % of the variance in snack frequency per week. Significant positive associations were found for sweets and savouries 
Results
Clusters of high-frequency snack consumers
The cluster analysis resulted in a three-cluster solution for high snack consumers (n 1890) with Cluster 1 representing a healthy dietary pattern, Cluster 2 representing a moderate dietary pattern and Cluster 3 characterized by an unhealthy dietary pattern (Tables 5 and 6 ).
The healthy Cluster 1 (n 851) consisted mainly of older females, and was characterized by the highest consumption of vegetables and fruit and the lowest consumption frequency of more unhealthy food groups such as sweets and savouries, and meat. Respondents in this cluster reported the highest levels of health consciousness and reported more regular breakfast consumption. This cluster mostly included higher educated males.
The unhealthy Cluster 3 (n 85) was the smallest cluster and consisted mainly of males. It was characterized by the highest consumption frequency of the more unhealthy foods and low fruit and vegetable consumption. A higher percentage of respondents skipped breakfast on a daily basis and watched TV during the main meal, compared with the other two clusters. In addition, wine and beer consumption frequency in males was the highest in this cluster.
Cluster 2 was the largest group (n 954) and respondents in this cluster had dietary behaviours ranging between the healthy and unhealthy clusters. Females in this cluster indicated having moderate consumption frequencies of the more unhealthy food groups, such as sugar-sweetened beverages and meat, but also had infrequent intakes of fruit and vegetables. Males in this cluster reported moderate consumption frequencies of sugar-sweetened beverages and convenience food, but also infrequent intakes of fruit and vegetables. a,b,c,x,y,z
One-way ANOVA, and x 2 tests were used for examining differences between tertiles. Analysis was done for males and females separately. Mean values within rows with unlike superscript letters were significantly different (post hoc test: Tukey's Honestly Significant Difference test, P , 0?05): a,b,c for significant differences between tertiles for males;
x,y,z for significant differences between tertiles for females. *P , 0?05, **P , 0?01, ***P , 0?001.
-Highest tertile includes all respondents who indicated having a snack frequency between 7?5 and 20?1 times/week. --Moderate tertile includes all respondents who indicated having a snack frequency between 2?5 and 7?0 times/week. yLowest tertile includes all respondents who indicated having a snack frequency between 0 and 2?0 times/week. Jn could vary due to missing values. zValues are indicated as df 1 , df 2 .
The variables of BMI, percentage of overweight, percentage of physically active males, daily lunch for males, having family meals 4-7 times/week and having children #16 years old did not differ significantly among clusters.
Discussion
We investigated snack frequency and its association with sociodemographic characteristics, dietary and eating behaviour, and lifestyle factors. We hypothesised that high-frequency snack consumers could be separated into different subgroups with different underlying food patterns and lifestyle factors.
Our results show that high-frequency snack consumers (with at least 7?5 snack occasions/week) more frequently consumed both healthy and unhealthy food groups compared with low-frequency snack consumers. Increasing snack frequency was associated with a more unhealthy dietary behaviour, such as consuming sweets and savouries. It was also associated with watching TV during the main meal, having fewer family meals and lower alcohol intake. Fruit consumption was positively associated with snack frequency, indicating higher fruit intake with increasing snack frequency. Finally, we found three subgroups of high-frequency snack consumers: a healthy, a moderate and an unhealthy dietary-pattern group.
The highest levels of health consciousness were reported by respondents in the healthy and moderate eating clusters, indicating that individuals in these groups tended to act more in accordance with their internal attitudes towards health than the less health-conscious individuals, who might be more subject to external influences (25) . Thus, less health-conscious individuals might be more affected by the obesogenic environment, which makes a healthy lifestyle, and particularly the healthy food choices associated with this lifestyle, more difficult.
Differences in health-conscious ratings could also be seen between genders; men seemed to be less healthconscious than women. Therefore, women were more likely to be mindful of their daily diet and to make healthier food choices. Former studies indicate that men give a lower priority to health than to other considerations, like taste or convenience, when making their food choices (26, 27) . It is thus not surprising that men in our study showed higher-frequency consumption of meat, sugar-sweetened beverages and alcohol. In addition, the highest frequency of convenience food consumption occurred in males in the unhealthy cluster. Convenience food consumption was also shown to be an unfavourable dietary behaviour, as it was associated with obesity (22) . As reported in other studies, our results suggest that men practise an unhealthy lifestyle more often than do women (28) . BMI was not found to be associated with snack frequency in the regression analysis. Thus, the results of our study do not support the notion that increased snack frequency, in itself, is a cause of obesity. However, One-way ANOVA were used for examining differences between clusters (P , 0?001). Analysis was done for males and females separately. Mean values within rows with unlike superscript letters were significantly different (post hoc test: Tukey's Honestly Significant Difference test, P , 0?05): a,b,c for significant differences between clusters for males;
x,y,z for significant differences between clusters for females. ***P , 0?001. consumption frequency scores from the questionnaire might be biased by conscious or unconscious under/ over-reporting of true food consumption (29) . Additionally, in the case where respondents indicated a recent change to their nutrition pattern, the cross-sectional design made it impossible to differentiate between whether their actual body weight status was a cause or a consequence of their reported nutritional pattern. BMI was calculated from selfreported weight and height. Thus, an underestimation/ under-reporting of weight was likely to occur, particularly among overweight and obese respondents (30) . In general, FFQ are used most often in studies with large sample sizes, to estimate individuals' habitual food intake (31) . Nevertheless, they give only limited information about individuals' food intake and they do not capture dietary behaviour in its entirety.
Interpretation of snack frequency per week might have been biased by the fact that there are conflicting views held by the general public about the definition of a 'snack' and a 'meal' (32) . Consumers conceptualise snacks differently -for example, using time of day or food type as a means of classification (32) . In particular, food intake close to main meal consumption might be classified either as part of the main meal or as snack, depending on individual views. Additionally, people practising a nontraditional mealtime pattern with more than four snack occasions per day, or with a so-called 'nibbling pattern', could not be clearly detected using this method.
Some studies do not control for physical activity, a possible confounder of the association between eating frequency and BMI (33) . Therefore, we interpreted physical activity of more than 30 min/d to identify an active lifestyle. In our study, we did not find an association between snack frequency and physical activity. A possible limitation may be that we could not distinguish between different exercise intensities, which may influence snack frequency as well as energy balance, and thus body weight status. It should also be mentioned that the response rate was low and that the study population had significantly fewer lowereducated participants than higher-educated participants. This should be taken into consideration when the results are interpreted.
Conclusion
In our study, we measured snack frequency, which refers to the number of additional food items consumed between main meals. The results indicate that there is no association between BMI and snack frequency.
High-frequency snack consumption occurs in the context of healthy, as well as unhealthy, dietary behaviour and lifestyle patterns. Women are more likely to make healthier dietary food choices, while men are likely to choose unhealthy foods such as sweets and savouries more often. In developing prevention strategies or interventions, instead of advising a specific number of snacks per day, healthy food choices and healthy lifestyles should be stimulated. Advising a general increase in snack consumption might even have unfavourable effects, as increasing the number of eating occasions per day without increasing the energy intake at the same time might be difficult to achieve (34) . The consumption of nutritious snacks should be promoted and consumers, especially men, need to be sensitised to the energy density of sweets and savouries as snacks.
